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A mechanism for the gas phase fragmentation of DNA during the matrix-assisted laser
desorption/ionization process has been proposed by ourselves and others, in which the
initiating event is nucleobase protonation, followed by base loss and backbone cleavage. The
proposed mechanism predicts the structures, and hence the masses, of the fragmentation
products; however in earlier studies the mass resolution was insufficient to confirm the
identities of these ions. In the present study a high resolution mass spectrometer equipped
with a reflectron and delayed extraction capability was employed to determine the exact
masses of the fragmentation products obtained from a number of short model oligonucleotide
analytes. The fragment ions observed were found to have masses consistent with those
predicted in the proposed mechanism. An additional species is observed in the mass spectra
which was unresolved from other ions in previous studies; this species is hypothesized to
correspond to the addition of water at the site of base loss from the DNA. (J Am Soc Mass
Spectrom 1999, 10, 423–429) © 1999 American Society for Mass Spectrometry
Matrix-assisted laser desorption/ionization(MALDI) mass spectrometry [1, 2] has provento be a powerful tool for the characterization
of synthetic polymers and biopolymers, and its devel-
opment for the analysis of nucleic acids is an area of
substantial current interest and activity. The potential of
a MALDI-based DNA sequencing approach has been
demonstrated by the analysis of both synthetic [3, 4]
and enzymatically generated Sanger sequencing mix-
tures [5, 6]. This and other work has shown, however,
that nucleic acid analysis by MALDI is presently char-
acterized by a limited mass range, as manifested by a
dramatic decrease in spectral peak intensities and mass
resolution for longer polynucleotides. One major reason
for this limited mass range appears to be fragmentation
of the DNA occurring during the MALDI process [7, 8].
This fragmentation has been proposed to be initiated by
base protonation, followed by cleavage of the N-glyco-
sidic bond, which in turn leads to cleavage of the
phosphodiester backbone [7–10]. This proposed mech-
anism is consistent with the observed dependence of
DNA fragmentation on both the nucleic acid sequence
and the nature of the matrix employed [7, 11].
In the proposed mechanism the identity of the frag-
mentation products is predicted; confirmation of their
masses would thus provide strong support for the
correctness of the mechanism. However, the mass res-
olution obtained in these mechanistic studies was insuf-
ficient to permit accurate identification of the fragmen-
tation products. Recently, however, a new generation of
MALDI time-of-flight (TOF) instruments has emerged,
which provide greatly increased mass resolution by use
of a reflectron and/or the technique of delayed extrac-
tion/time-lag focusing.
The present study was designed to examine this
question. The short oligonucleotide analytes d(TG4T2),
d(TA4T2), d(TC4T2), d(T4GT), d(T)7, d(T2G4T), d(C2T4),
and d(ACGT)2 were analyzed by MALDI using 3-HPA
(3-hydroxypicolinic acid), DHBA (2,5-dihydroxyben-
zoic acid), and DHAP (2,5-dihydroxyacetophenone) as
matrices in both positive and negative ion mode on a
high resolution Bruker Reflex TOF II MALDI mass
spectrometer equipped with a reflectron and delayed
ion extraction capability. The combination of the rela-
tively short oligonucleotide length and the higher res-
olution of the mass spectrometer employed permitted
baseline-resolved isotopic resolution to be obtained.
The results show that the fragment ions produced
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indeed have the masses predicted by the proposed
mechanism, although an additional peak is also present
which is hypothesized to correspond to the addition of
water to the abasic site produced upon base loss. The
implications of these results are discussed.
Experimental
All spectra presented here were collected using either a
Bruker Reflex TOF II laser desorption reflector time-of-
flight mass spectrometer or a Vestec VT 2000 linear
time-of-flight mass spectrometer [12] with a modified
ion source (modifications have been detailed previously
[13]). If not indicated otherwise the results in this study
were obtained under standard instrumental operating
conditions. Desorption and ionization of analyte mole-
cules were accomplished using a minimum amount of
laser power (defined as the threshold irradiance). In
general, the resulting ions were accelerated through a
20 kV extraction potential in the source region, followed
by detection at the end of the drift tube by a 20 stage
focused mesh electron multiplier (Becton–Dickinson
Model MM1-1SG) for the Vestec instrument and by a
multichannel plate detector for the Bruker Reflex II. The
laser desorption was performed using the 355 nm
focused output of a frequency tripled Lumonics Model
HY 400 Nd:YAG laser (Lumonics, Kanata, ON, Canada;
pulse width: 10 ns) on the Vestec and by a 337 nm
pulsed N2 laser (Laser Science; pulse width: 3 ns) on the
Bruker instrument.
Multiple spectra were acquired for each sample at
different probe sites to confirm the results obtained. 50
single shot mass spectra were averaged to give a single
spectrum. 8 pmol of analyte was employed for each
sample. The preparation of matrices 2,5-dihydroxyben-
zoic acid (2,5-DHBA), 2,5-dihydroxyacetophenone (2,5-
DHAP), and 3-hydroxypicolinic acid (3-HPA) (Aldrich
Chemical, Milwaukee, WI) followed the protocol de-
scribed previously [8, 13]. Saturated solutions of 2,5-
DHBA, 2,5-DHAP, and 3-HPA were used in all exper-
iments. Prior to their analysis in 2,5-DHBA or 2,5-
DHAP, all oligonucleotide samples used in this study
were individually analyzed by MALDI in the matrix
3-HPA in negative-ion mode, to rule out the possibility
of oligodeoxynucleotide degradation during sample
preparation and storage.
Oligonucleotide samples d(TG4T2), d(TA4T2),
d(TC4T2), d(T4GT), d(T)7, d(T2G4T), d(C2T4), d(ACGT)2,
d(TT), d(TT*) used in this study were synthesized by the
University of Wisconsin Biotechnology Center on an
Applied Biosystems 394 DNA synthesized. The thymi-
dine analog dT* has the C-5 methyl group on its
nucleobase substituted by a but-2-enoic acid (2-amino-
ethyl)-amide. The chemical structure of this modifica-
tion was shown in previous publications [4, 13]. Oligo-
nucleotide sequences are written in the 59 to 39
direction. All of the oligodeoxynucleotide samples were
synthesized with dimethoxytrityl (DMT) groups at their
59 termini which allows for sample purification using
C18 SEP-PAK cartridges (Waters, Milford, MA). De-
tailed discussions of the sample purification procedures
were presented previously [4, 7, 13]. Concentrated stock
solutions of each purified oligonucleotide were stored
at 220 °C in Milli-Q water (18 Mohm). The d(TG4T2)
oligonucleotide was also HPLC analyzed before its
MALDI analysis to rule out the possibility of sample
degradation during sample preparation [7]. The pep-
tides substance P and ACTH (18–39), used as internal
calibrants, were purchased from Aldrich (Aldrich
Chemical, Milwaukee, WI) and used as received. All
spectra presented are raw unsmoothed and unproc-
essed data.
Results
Figures 1A,B show negative-ion MALDI spectra of
d(TG4T2) obtained in 2,5-DHBA. The spectrum pre-
sented in Figure 1A was obtained on the linear Vestec
VT-2000 MALDI mass spectrometer, whereas Figure 1B
was obtained for the same sample on the Bruker Reflex
II MALDI mass spectrometer operated with the ana-
lyzer in linear mode and using delayed ion extraction.
Both spectra were calibrated using average molecular
weights of the [M 2 H]2 ion and of the deprotonated
matrix ion [DHBA 2 H]2. The acceleration voltage was
kept at 20 kV in both cases. A remarkably higher
Figure 1. Negative-ion UV-MALDI spectra of d(TG4T2) obtained
in linear mode using 2,5-DHBA as a matrix and an acceleration
potential of 20 kV. 50 lasershots were averaged for each spectrum.
(A) linear Vestec VT-2000 MALDI TOF mass spectrometer, 355 nm
Nd-YAG laser. (B) Bruker Reflex TOF II operated in linear mode,
337 N2 laser.
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resolution is evident in the lower spectrum. Particularly
noteworthy is the absence of the high-mass tailing
strongly evident in the upper spectrum and almost
completely absent in the lower spectrum. This tailing is
generally attributed to fragmentation occurring in the
source region, and its absence in the lower spectrum
thus presumably reflects the use of delayed extraction
on that instrument (delay time was 2 ms in all experi-
ments with delayed extraction). The resolution of the
spectrum in Figure 1B is sufficient to reveal significant
fine structure in the region of the spectrum correspond-
ing to fragment ions lacking one or more nucleobases
(m/z 1800 –2100; see Figure 1B inset). In addition to
the peak at m/z 2014.4 corresponding to [M 2 G 2
H]2, another peak is evident 18 u higher (m/z 5
2032.4). Peaks corresponding to the loss of two bases
are also evident in both spectra. Three such peaks, each
separated by 18 u, are observed. The implications of
these observations will be discussed in detail in the
Discussion section below.
Figure 2 shows the negative-ion MALDI spectra
obtained for the same oligonucleotide d(TG4T2) in 2,5-
DHBA at 20 kV acceleration voltage (delayed ion ex-
traction) using a reflector voltage of 19.7 kV. The
spectrum was calibrated using four internal standards
[d(TT), d(TT*), substance P and ACTH (18–39); see
Table 1]. The internal calibrants were selected in order
to give a very accurate mass calibration in two areas of
the spectrum. The first one was to identify the depro-
tonated parent ion of the DNA molecule [d(TG4T2) 2
H]2 and the second one to identify one of the low mass
fragment ions of d(TG4T2), the w2
2 ion (nomenclature
for the fragment ions is adapted from McLuckey [14]
and McLafferty [15]). After identifying these two sig-
nals with high mass accuracy (mass deviation 0.012%
and 0.011%; see Table 1), the spectra were recalibrated
using the calculated mass of the identified molecular
ion and the w2
2 ion. A direct calibration on the molec-
ular ion and the matrix [DHBA 2 H]2 signal (a very
common calibration procedure in MALDI) is not accu-
rate enough because the matrix signal is already very
intense and broad at the laser irradiance used to pro-
duce these spectra. On the other hand, it is necessary to
exclude any influence of the internal calibrants on the
observed fragmentation pattern. Because of that we
chose to employ indirect internal calibration by identi-
fying two isotopically resolved signals in the spectrum
which were then used as “internal standards.” Mass to
charge ratios for the major peaks of the spectrum of
d(TG4T2) (Figure 2) are given in Table 2 along with the
measured resolutions, the calculated m/z ratios (ac-
cording to the mechanism of Zhu et al. [7]), observed
mass accuracies and mass deviations. These results will
be discussed in detail in the Discussion section below.
The fragment ions predicted by Zhu et al. are con-
firmed by our measurements. The 2 u discrepancy
between predicted and observed m/z ratios reported in
the Zhu et al. study [7] was not observed in this higher
resolution and more careful analysis. The differences
between predicted and measured m/z ratios were usu-
ally less than 0.1 u (Table 2). In addition to the very well
resolved signals predicted by Zhu’s mechanism several
additional signals were also observed in the spectra.
One additional group of signals (also observed in the
linear spectrum of Figure 1B) appears in the region
corresponding to loss of a G base. Those signals show
Figure 2. Negative-ion UV-MALDI spectra obtained for the
oligomer d(TG4T2) using 2,5-DHBA as a matrix on a Bruker Reflex
TOF II MALDI mass spectrometer in reflector mode. 50 single
measurements averaged. Acceleration potential: 20 kV, reflector
voltage: 19.7 kV. See Table 2 for a list of m/z values for the above
numbered peaks.
Table 1. Table of calibrants used for d(TG4T2) in negative ion MALDI mass spectrometry analysis (reflector mode, delayed ion
extraction) using 2,5-DHBA as a matrix
[w2]
2 ion [d(TG4T2) 2 H]
2 ion
Internal calibrant a d(TT) Substance p
Calculated m/z of signal 545.1285 for [M 2 H]2 1345.7202 for [M 2 H]2
Resol. of signal (FWHM) 1450 1680
Internal calibrant b d(TT*) ACTH (18–39)
Calculated m/z of signal 643.1765 for [M 2 H]2 2463.1831 for [M 2 H]2
Resol. of signal (FWHM) 1250 2730
m/z of signal (calculated) 625.095 2165.385
Experimental m/z (calib.) 625.164 2165.652
Resol. of signal (FWHM) 1584 2540
Mass deviation [%] 0.011 0.012
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baseline resolved isotopic resolution and a mass differ-
ence between the calculated and measured baseloss
signals of 18 u. We also observed several low intensity
and more poorly resolved signals, especially in the m/z
range between 1200 and 1800. Further analysis of these
fragmentation products was performed by varying the
reflector voltages (Figure 3); these results revealed a
shift of the unresolved ions towards lower apparent
m/z ratios when the reflector voltage is lowered,
whereas the m/z ratios of the well resolved signals
remained constant. This observation suggests that those
signals correspond to metastable fragmentation prod-
ucts, and will be discussed below in more detail.
Discussion
All spectra acquired for study employed an acceleration
voltage of 20 kV. The effect of the acceleration voltage
was studied in Tang et al. [16], where it was shown that
fragmentation is more evident at lower acceleration
potentials. Because the Bruker Reflex TOF II instrument
does not allow the use of acceleration voltages greater
than 20 kV in negative ion mode, it was decided to
acquire all spectra with this voltage.
The use of delayed ion extraction in the Bruker
instrument permits much higher resolution spectra to
be obtained than is possible with the older Vestec
instrument (compare Figure 1A,B). Spectra obtained on
both instruments were calibrated using the average
molecular weight of the deprotonated molecular ion
[M 2 H]2 and the deprotonated matrix [DHBA 2 H]2,
and both spectra show complete series of 39-fragmen-
tation products. The high resolution of Figure 1B en-
ables two distinct species corresponding roughly to
baseloss from the parent molecule to be observed,
Table 2. Peak table of d(TG4T2) in negative ion MALDI mass spectrometry analysis (reflector mode, delayed ion extraction) using
2,5-DHBA as a matrix (Uacc 5 20 kV, Uref 5 19.7 kV)
m/z
calculated
m/z
measured
Mass deviation
Resolution
[m/Dm][Dm] [ppm]
1 [M 2 H]2 2165.385 2165.385 0 0 4300 cal., basel. res.
2a [basel. 1 18] 2032.346 2032.362 0.016 7.9 5200 add. H2O
2b unidentif. . . . 2022.638 . . . . . . 650 . . .
2c baseloss 2014.335 2014.395 0.060 29.8 5300 basel. res.
3 2. baseloss 1863.285 1865.382 2.097 1124 poor weak
4 unidentif. . . . 1669.707 . . . . . . 180 . . .
5 w5
2 1612.260 1612.295 0.035 21.7 2500 basel. res.
6 unidentif. . . . 1539.774 . . . . . . poor . . .
7 unidentif. . . . 1492.301 . . . . . . poor . . .
8 unidentif. . . . 1479.246 . . . . . . poor . . .
9 unidentif. . . . 1417.698 . . . . . . poor . . .
10 [a5(2G) 2 H]
2 1388.230 1388.309 0.079 56.9 5200 basel. res.
12 [d4 2 H]
2 1308.200 . . . . . . . . . . . . not obs.
13 w4
2 1283.210 1283.290 0.080 62.3 3630 basel. res.
14 ? 15 1 Na ? 1081.160 1082.274 1.114 1029 4030 basel. res.
15 [a4(2G) 2 H]
2 1059.180 1059.277 0.097 91.6 3270 basel. res.
16 [d3 2 H]
2 979.150 979.266 0.116 118.5 2500 basel. res.
17 w3
2 954.250 954.265 0.015 15.8 4270 basel. res.
18 [a3(2G) 2 H]
2 730.130 730.168 0.038 52.0 2400 basel. res.
19 [d2 2 H]
2 650.100 650.122 0.022 33.8 2490 basel. res.
20 w2
2 625.095 625.095 0 0 3860 cal., basel. res.
21 [a2(2G) 2 H]
2 562.095 563.010 0.085 151.2 . . . very weak
Figure 3. Enlarged area of negative-ion UV-MALDI spectra
obtained for the oligomer d(TG4T2) using 2,5-DHBA as a matrix on
a Bruker Reflex TOF II MALDI mass spectrometer in reflector
mode using different reflector voltages (A: Uref 5 21.2; B: Uref 5
20.2; C: Uref 5 19.2; D: Uref 5 18.95). 50 single measurements
were averaged for every spectrum. Acceleration potential: 20 kV.
426 KRAUSE ET AL. J Am Soc Mass Spectrom 1999, 10, 423–429
whereas only one broad signal is observed using the
linear Vestec instrument (Figure 1A). A closer look at
Figure 1B reveals an approximate mass difference be-
tween the two separated signals of 18 u. The smaller of
the two peaks occurs at an m/z ratio corresponding to
the loss of one nucleobase (G) from the DNA molecule,
and the other peak occurs at an m/z 18 u higher. The
m/z ratio observed for the broad peak of Figure 1A
corresponds to the latter. Thus, the peak generally
attributed to baseloss actually appears to correspond to
an adduct 18 u greater than the actual baseloss peak.
This observation provides an explanation for the fact
that, whereas in previous work the observed fragment
ions m/z ratios generally agreed well with the values
predicted by Zhu’s mechanism [7], the baseloss signals
tended to have slightly higher m/z ratios. A second
baseloss signal is also visible in both spectra. In the case
where the spectrum was obtained with delayed ion
extraction there are actually three distinct peaks evi-
dent, in contrast to the single peak observable in the
Vestec spectrum. These three peaks are separated by 18
(60.5) u. It may be noted here that similar baseloss
signals are not observed using 3-HPA as a matrix,
because 3-HPA induces much less fragmentation [8, 13,
16]. In fact, the analysis of d(TG4T2) using 3-HPA as a
matrix proves that the additional signal close to the
baseloss signal is not due to sample degradation or
sample impurities (spectrum not shown).
To further study the nature of the additional baseloss
peak a higher resolution analysis of that spectral region
was performed. To this end the reflector TOF spectrum
of the same DNA sample using 2,5-DHBA as a matrix
was acquired (Figure 2). The standard reflector settings
in this mass range are 21.2 kV at a source accelerating
voltage of 20 kV. Unfortunately, the resolution obtained
under these conditions in the very interesting baseloss
region of the spectrum was not satisfactory (spectrum
not shown). The use of a 1.5 kV lower reflector voltage
(19.7 kV) yields a spectrum of somewhat reduced
overall signal intensity but dramatically improved res-
olution in the baseloss region of interest (Figure 2). Two
sets of baseline resolved signals can easily be distin-
guished (gray box in Figure 2). All other major signals
in the spectrum showed baseline resolved isotopic
resolution for the fragment ions.
Another important point in this study concerns the
mass calibration of the spectra. A reliable identification
of the fragment products formed during the MALDI
analysis of DNA requires a very exact mass calibration
of the spectra. The usual way of calibrating MALDI
spectra on the parent ion and the matrix ion is not
suitable here since the broad and intense matrix signal
does not provide a good enough calibration for the
identification of the fragment m/z ratios with high
accuracy. The best way to achieve a very good calibra-
tion is by the addition of two or more internal calibrants
to the sample. On the other hand, any effect of the
added calibrants on the fragmentation itself, or the
formation of any adducts of the calibrants with the
sample molecules should be excluded. We overcame
this problem by the following procedure: The mecha-
nism of Zhu et al. [7] predicts a series of fragment ions
for the MALDI analysis of DNA. We added four inter-
nal calibrants (see Table 1) to a d(TG4T2) sample and
analyzed the mixture using 2,5-DHBA as a matrix. By
calibrating the resulting MALDI spectrum on either the
two low mass calibrants or on the two high mass
calibrants we were able to achieve a very exact mass
calibration over a small mass range. By doing so we
were actually able to identify the molecular ion and the
w2
2 ion by their exact m/z ratios. The peaks identified
by this procedure showed a mass deviation of only
0.01 u and 0.02%. The two signals identified in the
described way were used afterwards as internal calibra-
tion signals for d(TG4T2). Table 2 gives the resulting
complete peak table for the analysis of d(TG4T2) using
2,5-DHBA as a matrix. The m/z values for the signals
predicted by the mechanism of Zhu et al. were calcu-
lated and compared with the empirical m/z ratios. We
found that both the 39-fragmentation products and the
59-fragmentation products were in very good agree-
ment with the predicted values. The mass deviation of
2 u reported previously [7] for the 59 product of the
39-fragmentation product was not observed. All signals
observed for the molecular ion [M 2 H] (#1, Figure 2,
Table 2), the baseloss signal (#2c), 39-fragmentation
products w2–5
2 (#5, 13, 17, 20) and [a2–5(2G) 2 H]
2, as
well as the 59-fragmentation products [d2,3,4 2 H]
2 are
observed in the spectrum. All those signals are very
well resolved and agree well with the m/z values
predicted by Zhu et al. [7]. The highest mass deviation
found was 0.116 u but usually the mass deviation was 5
to 10 times smaller then that. Thus the very accurate
calibration in combination with the high resolving
power and mass accuracy of the Bruker Reflex II
instrument provides strong evidence for the proposed
fragmentation mechanism [7]. Figure 2 and Table 2 also
confirm the mass difference between the actual baseloss
signal (#2c) and signal 2a to be 18 u. This mass differ-
ence corresponds to that expected for the addition of
water to the molecular ion after the baseloss. This
hypothetical addition of water after baseloss of course
raises the question of where such water molecules come
from in the high vacuum environment of a mass spec-
trometer. There is no straightforward answer to that
question, but one important fact may be kept in mind.
In positive ion MALDI the low mass region of spectra
using 2,5-DHBA as matrix usually shows two major
matrix signals, one corresponding to the protonated
matrix signals, one corresponding to the protonated
matrix and the other to the matrix minus 18 u [17].
This observation makes it at least reasonable to
assume that the transfer of water from matrix to DNA
may occur. Such a reaction would have to take place in
the ion source very rapidly after the initial ion forma-
tion because collisions or interactions between water
and DNA are highly unlikely after the dense MALDI
plume expands or after the ions have left the ion source.
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We used different acceleration potentials for the analy-
sis of DNA samples but found that the fragmentation
pattern was not affected by lowering the acceleration
potential below 20 kV. By doing that we only observed
a decrease in resolution (data not shown). Tang et al.
[16] showed earlier that a decrease of the acceleration
voltage from 30 to 20 kV can dramatically increase the
amount of observed fragmentation, but not the mass to
charge ratios of the fragments. This means that chang-
ing the acceleration potential will result in different
resolutions and in changing ion intensities but not in
different fragmentation patterns. Even with high accel-
eration voltages of 30 kV (linear Vestec instrument) we
observed the addition of water (Figure 1A). Thus the
addition of water seems to happen almost instanta-
neously after ion formation.
It is interesting to speculate on the mechanism
whereby the hypothesized water addition might occur.
In the mechanism proposed by Zhu et al. and others
[7–10], a carbocation is formed as an intermediate
during the fragmentation process [8] (Figure 4). Such an
ion is a reactive intermediate, which can then lose a
proton in an E1 elimination process to yield an alkene
bond. The classic competing reaction to this elimination
reaction, however, is a substitution reaction in which a
nucleophile attaches to the carbocation. Water could
readily serve as such a nucleophile, to form the ob-
served 118 u product. Interestingly, such a substitution
would be much less likely if the baseloss process were
to occur via a concerted E2 elimination because no
carbocation would be formed in that mechanism. Such
a 1,2-base elimination has been proposed by McLuckey
et al. for the fragmentation of multiply charged DNA
under CID (collision induced dissociation) conditions
on an electrospray tandem mass spectrometer [18–20].
The reflector TOF spectrum in Figure 2 also reveals
that there are some broad and unresolved signals in the
spectra. Those signals cannot be identified with any
signals predicted by Zhu’s mechanism, nor were they
observed in the linear spectra (Figure 1A,B). This sug-
gested that those signals might be due to metastable
fragmentation between the source and the reflector of
the instrument. To investigate this we collected a series
of spectra gradually stepping down the reflector volt-
age. By stepping down the reflector voltage, all signals
are shifted towards higher m/z ratios. If the voltage
steps are comparably small, all major ions (e.g., parent
ions, w2
2 ion) might still be observed in the spectra. The
resulting spectra can then be recalibrated using these
two signals. This method of calibration is applicable
down to about 19 kV. At even lower reflector voltages,
the molecular ion signal is not observable anymore and
with that the calibration becomes very uncertain. Figure
3 shows calibrated spectra of d(TG4T2) (m/z range from
1200 to 1800) using different reflector voltages and a
constant acceleration voltage of 20 kV. If the broad
signals observed in the spectrum of d(TG4T2) (Figure 2
and Table 2, Peaks 4, 6–9) are actually due to metastable
fragmentation one should observe that those signals are
shifted using different reflector voltages, whereas the
products of prompt fragmentation should stay at the
same m/z ratios. This is in fact what is observed in the
calibrated spectra (Figure 3).
Conclusions
We have shown that the fragmentation products of
DNA in MALDI analysis are in good agreement with
those predicted by the mechanism of Zhu et al. [7].
Results obtained using a high resolution reflector
MALDI TOF instrument with delayed ion extraction
show a mass deviation between the calculated and
measured fragment mass to charge ratios in the range of
only 0.01–0.1 u. The peak corresponding to baseloss is
shown to overlap with a previously unresolved species
appearing at a m/z ratio 18 u higher than the baseloss
peak. This additional signal slightly above the baseloss
signal may be due to the addition of water to a putative
carbocation intermediate produced during the frag-
mentation process [7]. All other observed ions are
consistent with the proposed mechanism. A source of
water might be the matrix 2,5-DHBA itself because the
LDI (laser desorption ionization) spectrum of DHBA
Figure 4. DNA fragmentation mechanism introduced by Zhu et
al. [7] extended by a hypothetical new pathway for the formation
of a water adduct (118 u) is also shown.
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reveals the loss of 18 u (probably H2O) from the
molecular ion.
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